We conducted two studies to examine the hypothesis that lower urinary tract obstruction induces excessive production of prostaglandin E2 (PGE2) in the bladder in young boys, with consequent overactive bladder (OAB) symptoms. The subjects were boys aged less than 15 years old who were scheduled to undergo surgery in our department from October 2006 to March 2008. In study 1 (n = 25), the patients were divided into two groups based on the presence or absence of lower urinary tract obstruction. In study 2 (n = 38), the patients were classified by age. The PGE2 level in the bladder was determined by washing with saline before the operation and urinary symptoms were evaluated using the Pediatric Lower Urinary Tract Scoring System. In study 1, the PGE2 level in the bladder of patients with lower urinary tract obstruction was higher than in those without obstruction (49.1 ± 37.4 vs. 21.5 ± 10.1 pg/mL, P = 0.0475). In study 2, the PGE2 level in the bladder was negatively correlated with age (r = −0.379, P = 0.0207). A higher level of PGE2 is found in boys with bladder outlet obstruction due to urethral stricture and in younger boys, and this elevated level of PGE2 may induce OAB symptoms.
Lower urinary tract obstruction (LUTO) in boys can induce daytime incontinence and pollakisuria (10) . In adults, these symptoms are referred to as overactive bladder (OAB) syndrome. Based on studies in adult human and in animal models, activation of capsaicin-sensitive fibers (C-fibers) is thought to be one etiology of OAB syndrome induced by LUTO. Several substances derived from the bladder have been associated with reactivation of C-fibers, including prostaglandin E2 (PGE2). PGE2 has an important role in regulation of lower urinary tract function (2), and its overexpression in the bladder stimulates the micturition reflex through activation of C-fibers in a rat model (9) . Moreover, instillation of PGE2 into the bladder of adults induces detrusor overactivity and OAB symptoms (13) . The relationship of LUTO and excessive production of PGE2 in animal models and adult human has not been clarified in children, as far as we are aware. For many boys with LUTO, a voiding cystourethrogram or urethrocystoscopy under general anesthesia is required to diagnose the extent of LUTO. However, these examinations are invasive for young boys and do not always allow clarification of the degree of LUTO, which makes it difficult to determine whether an operation should be performed. Consequently, new methods of diagnosis of LUTO in boys are required. Also, the voiding detrusor pressure is reported to be higher in male infants than in older children or adults (4, 14, 18), and excessive production of PGE2 in the urinary bladder in young boys may be induced by overdistention of the bladder wall, as well as by LUTO. To address these issues, we conducted two studies to examine the hypothesis that LUTO induces higher levels of PGE2 in the bladder in young boys, with conse-Study 1. The subjects in study 1 were 25 patients of age ≥ 4 years old (range 4-12 years old) who were divided into groups with and without LUTO: the LUTO group and the control group (Fig. 1) . In the control group, patients with a bladder wall thickness > 3 mm were excluded. Urinary PGE2 and Cr were determined as described above. Urinary symptoms were evaluated using the OAB section of the Pediatric Lower Urinary Tract Scoring System (P-LUTSS) (16) . This questionnaire consists of 10 qualitative and quantitative questions regarding urinary incontinence, voiding habits, urgency, posturing, bowel habits, and stressful life events. Questions are scored from 0 to 3, with higher scores indicating greater dysfunction. The OAB section of the questionnaire has 4 questions, and therefore the total score in this study ranged from 0 to 12.
Study 2. The subjects were 38 patients ( Fig. 1) without obvious LUTO based on the definition above. Urinary PGE2 and Cr were measured as described above.
Statistical analysis. A Mann-Whitney U test and post hoc tests were used for intergroup comparisons, with P < 0.05 considered to be statistically significant. StatView v. 5.0 (SAS Institute, Cary, NC, USA) was used to conduct all analyses.
RESULTS

Study 1
The 25 patients were divided into groups with LUTO (n = 9, mean age 6.7 ± 1.9 years old) and without LUTO (control group, n = 16, mean age 7.1 ± 2.7 years old). Age did not differ significantly between the groups (P = 0.84). The PGE2 level in patients quent OAB symptoms such as daytime incontinence and pollakisuria.
MATERIALS AND METHODS
Patients. The objectives and methods of the study were approved by our institutional review board and were fully explained to the patients' parents, who then provided informed consent. The subjects were 47 children who underwent urologic surgery in our institution from October 2006 to March 2008 (Table 1). The exclusion criteria were chronic renal failure (serum Cr level > 1.0 mg/dL), urinary tract infection with a white blood cell count > 5/high power field in the urine, use of non-steroidal antiinflammatory drugs, spinal cord disease, neuropathy, hydronephrosis, and vesicoureteral reflux. In addition, we excluded the patents with samples of creatinine (Cr) level > the normal average + 0.5 SD to minimize the influence of PGE2 derived from the kidney.
Definition of lower urinary tract obstruction. The bladder wall thickness was measured using transabdominal ultrasonography when the volume of urine in the bladder was more than half the estimated maximum bladder capacity (urine volume > [(age + 2) × 15 mL]). A bladder wall thickness > 3 mm was taken to indicate possible lower urinary tract dysfunction (8) . Patients ≥ 4 years old with suspected LUTO subsequently underwent voiding cystourethrography and direct vision internal urethrotomy (DVIU) to establish a definite diagnosis.
Urine collection and measurement of urinary PGE2
and Cr. Urine samples were collected before surgery under general anesthesia. The urine was drained through a catheter and then a volume of saline 25% that of the estimated maximum bladder capacity (saline volume = [(age + 2) × 7.5 mL]) was instilled into the urinary bladder and collected one minute later. The PGE2 concentration was estimated using a radioimmunoassay with an [I 125 ]PGE2 RIA Kit (PerkinElmer TM, Waltham, MA, USA). lium of the urinary bladder of adult human is thought to be initiated by various physiological stimuli such as detrusor muscle stretching with bladder outlet obstruction. An increase in cyclooxygenase-2 expression and PGs in the bladder wall has an important role in the development of detrusor overactivity caused by bladder outlet obstruction (11, 12) . The excitatory influences of PGE2 on the micturition reflux are attributable to stimulation of C-fiber afferent nerves via the EP1 receptor (19) , but there have been no reports on PG synthesis in the urinary bladder of young boys. PGE2 produced in the kidney should be considered when measuring the bladder level of PGE2 in urine. Urinary PGE2 is predominantly derived from the kidney (3, 15) and measurement of urinary PGE2 can be used to investigate kidney function (7, 17) . In this study, we measured urinary PGE2 and Cr in saline that was instilled into the bladder for 1 minute after emptying of urine from the bladder, and we also excluded patients with a Cr level of more than the normal average + 0.5 SD in the samples. Urinary Cr is excreted from the kidney only, and not from the bladder, and therefore a high value of Cr in a particular sample indicated that the sample contained a relatively high amount of urine, and thus may contain PGE2 from the kidney. Such samples were excluded from data analysis. By this means, we eliminated the influence of PGE2 from the kidney on measurement of PGE2 level from the urinary bladder. In study 1, the PGE2 level in patients with LUTO was significantly higher than in those without LUTO. Since we excluded patients with diseases inwith LUTO was significantly higher than in controls without LUTO (49.1 ± 37.4 vs. 21. 5 ±10.1 pg/mL, P = 0.0475, Fig. 2 ) and the bladder wall thickness was also higher in patients with LUTO (4.0 ± 0.5, range 3.2-4.6 mm) than in controls (1.6 ± 0.5, range 1.0-2.9 mm). The score for the OAB section of the P-LUTSS was significantly higher for patients with LUTO (mean 9.44, range 6-12 vs. mean 0.38, range 0-3; P < 0.001). Various degrees of urethral stricture were evident on voiding cystourethrography and DVIU in all 9 patients with LUTO. OAB symptoms resolved within 6 months in all patients after DVIU, and the mean score for the OAB section of the P-LUTSS showed a significant decrease to 0.33 (range 0-2) after DVIU (P < 0.001, Fig. 3 ). We could obtain the samples in the 2 patients on postoperative 6 months. The PGE2 level in those patients decreased after surgery (65→19 pg/mL, 58→ 21 pg/mL).
Study 2
The PGE2 level in the urinary bladder in patients without LUTO (n = 38) was negatively correlated with age (r = −0.379, P = 0.0207, Fig. 4) .
DISCUSSION
Prostanoids such as prostaglandin E2 (PGE2) are implicated as endogenous modulators of bladder function under various physiological and pathophysiological conditions (1). PG synthesis in the urothe- Fig. 2 Level of PGE2 in the urinary bladder in patients with or without lower urinary tract obstruction. The PGE2 level was higher in patients with lower urinary tract obstruction than in those without lower urinary tract obstruction (49.1 ± 37.4 vs. 21.5 ± 10.1 pg/mL, P = 0.0475). Fig. 3 The mean score for the OAB section of the P-LUTSS showed a significant decrease from 9.44 (range 6-12) before DVIU to 0.33 (range 0-2) after DVIU (P < 0.001).
In a study of acquisition of bladder control in young children, Jansson et al. (6) found a tendency for earlier acquisition of bladder control in girls than in boys, although the difference did not reach statistical significance. In the current study, we evaluated PGE2 in boys only, but we plan to study the difference in the PGE2 concentration between boys and girls and its impact on acquisition of bladder control. From the current results, we conclude that the PGE2 level in the urinary bladder in boys with LUTO is significantly higher than in those without LUTO and has a tendency to decrease with age. Therefore, measurement of PGE2 in the bladder using our approach might serve as a biomarker for diagnosis of LUTO and acquisition of bladder control in boys. This proposal requires further examination in a study with a larger number of patients.
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fluencing PGE2 production in the bladder and we discarded samples with a high value of Cr, we believe that these results show that the increase of PGE2 in the bladder is induced by LUTO. Boys with LUTO had severe storage symptoms, such as urgency and enuresis, compared to those without LUTO. In adults, excessive PGE2 in the bladder is known to induce detrusor overactivity and cause deterioration of storage symptoms, and a similar mechanism may be present in boys with LUTO. Voiding detrusor pressure is reported to be higher in male infants than in elder children or adults, with normalization of high pressure voiding with maturation in accordance with an increase in bladder capacity (4, 14, 18). Yeung et al. have suggested that a greater resistance to urine outflow causes high pressure voiding in infants (18) . This research suggested that the PGE2 level was associated with OAB symptom in boys with LUTO as well as adults. In study 2, the PGE2 level in the bladder showed a negative correlation with age, whereas IgnatowskaSwitalska et al. observed an age-dependent increase in PGE2 in the urine among healthy newborns and infants, possibly due to the maturation of enzymes for biosynthesis of PGE2 during renal growth (5). These opposite results suggest that high pressure voiding in infants may induce excessive PGE2 production in the bladder. From these results, we suggest that high pressure voiding in infants lead to stimulation of PGE2 production. 
